Alcohol distilleries are highly water intensive units generating large volumes of high strength wastewater that poses a serious environmental concern. This study aimed at identifying options for improved water use in this sector through a case study in a local distillery. It emerged that optimization of cooling tower operation, innovative ways to reuse wastewater streams like spent lees and spentwash and employing semi-continuous/continuous fermentation could reduce water use in distilleries.
Introduction
Alcohol distilleries are one of the most polluting industries generating an average of 8-15 L effluent ("spentwash") per liter of alcohol produced. India has around 295 distilleries with a total installed capacity of 3198 million liters per annum and a current yearly production of 1587 million liters alcohol (Ali, 2002) . The manufacturing process ( Fig. 1) involves fermentation of diluted sugarcane molasses with yeast. The fermentation lasts about 80h and the resulting product contains 6-8% alcohol. The yeast cells are separated by settling and the cell free broth is steam distilled and rectified to obtain 94-95% alcohol.
Fresh water is consumed at various stages of the alcohol manufacturing process namely yeast preparation, molasses dilution, bottle washing, adjusting the alcohol to the required strength for potable purpose and occasionally, dilution of the treated effluent, prior to discharge. The effluent generated is acidic in nature, has a high BOD and COD value and poses an aesthetic problem due to its color and odor (Table 1) . Consequently, extensive treatment is required before the treated wastewater can meet the stipulated environmental norms (Table 2) . Further, a maximum of 15 m 3 of effluent can be generated per kilolitre of alcohol produced as per the Water (Prevention and Control of Pollution) Cess Rule, 1978 specified by the Government of India.
In this context, improved water use in distilleries can contribute to:
• better operational efficiency;
• improved economic competitiveness through reduced water demand combined with savings in water and wastewater treatment costs; • low environmental impact due to decrease in surface and subsurface withdrawals as well as less groundwater contaminant intrusion; also, such measures will mitigate the effects of water stress (Sinha, 2002) . This work aims to identify possible strategies that can improve water use in Indian distilleries. This was achieved through a preliminary questionnaire survey of select local distilleries in Northern India, followed by a detailed study in one unit. Table 1 Typical characteristics of distillery spentwash (Goyal et al., 1996) 
Approaches towards water conservation in industries
Monitoring of water use in industries is gaining importance due to increasing competition and stringent environment norms. Water is no longer perceived as a free commodity; further, innovative technologies, along with modification of existing technologies are commercially available to reduce process water consumption. In general, reduction in industrial wastewater can be achieved through one or a combination of the following measures:
• process modification or change in raw materials to reduce water consumption;
• direct reuse of wastewater;
• in-plant reuse of reclaimed wastewater; • use of treated wastewater for non-industrial purposes.
The final choice of the measures adopted are dictated by the availability of substitute raw material and technology, nature of pollutants, purity requirement of water for reuse, competing water demands and overall treatment cost. Table 3 summarizes some key initiatives implemented for improved water use in different industrial sectors.
Methods
A questionnaire survey on water use in distilleries was conducted through the All India Distillers Association. The survey was limited to distilleries in Northern India, located near Delhi. Based on the results of the survey, a distillery unit located in the state of Uttar Pradesh was chosen for further study. The detailed water balance was examined and water/wastewater samples were collected from different points in the plant. The water characteristics were determined in the laboratory following standard methods (APHA, 1989) . Data on volumes of water consumed and effluent generated was obtained from the distillery records.
Results and discussions

Summary of questionnaire survey
The questionnaire was administered to a total of seven distilleries, of which four distilleries provided responses. The survey results are collated in Table 4 .
The following salient points emerged from this exercise.
1. Ground water is the main water source. Water is pumped out of deep wells and distributed to the various points of water utilization. 2. Significant volume of water is consumed for molasses dilution, bottle washing and inoculum (yeast) preparation. 3. Water consumption for potable alcohol preparation is dependent upon the total potable alcohol production as well as the product mix in terms of country liquor and Indian made foreign liquor (IMFL). 4. The primary effluent treatment step involves anaerobic treatment with biogas generation. This is sometimes followed by aerobic treatment; alternatively, the primary treated effluent is used for biocomposting, or stored in lagoons for several months before final discharge in the rainy season. Ferti-irrigation is also practiced in some areas, after diluting with water. Combined ultrafiltration and reverse osmosis Successful pilot scale study in Turkey (Yalcin et al., 1999) showed high quality of treated water 5. Concentration and incineration of the effluent is another option that is being examined. This recovers the water from the effluent and the concentrated mass can be burnt in the boiler for steam generation. The ash produced is rich in inorganics and can find application as fertilizer. Even though local firms are supplying the technology, it is still under testing. 6. There is considerable interest in water conservation among local distilleries because of strict environmental norms. In this context, cooling water recycling is a commonly practiced measure.
Of the units that responded, distillery 1 was proactively exploring water conservation and reuse. Thus, this unit was chosen for the detailed study.
Case study
The background of the chosen unit is summarized in Table 5 . Fig. 2 shows the water balance and Table 6 provides the distribution of water use. Analysis of the various water/wastewater samples is listed in Table 7 . The unit uses 1133.5 kL water/day and generates around 668 kL/day of effluent. The effluent volume has been calculated on the basis of contributions from water used for molasses dilution, yeast preparation, steam generation, fermenter washing and effluent treatment. It has been assumed that other processes do not contribute to effluent generation.
Molasses dilution, cooling requirement and steam generation in the boiler are the most water intensive processes. Thirty-four percent of total daily water input to the distillery is in the form of cooling tower make-up volume that is a consequence of evaporative loss, drift loss and blowdown. Optimization of the cooling tower operation and maintenance can contribute significantly to makeup water requirement (NCDENR). 1 Possible measures include energy balance to justify the evaporative loss of water, use of drift eliminator to control drift loss and marginal increase in concentration ratio to minimize the blowdown. For instance, an increase in concentration ratio from 1.5 to 2% can result in 33% savings in makeup water (NCDENR). Further, treated wastewater can also be explored as an alternative source of makeup water. At present, the unit uses the wash water from the bottling plant for gardening. Further, for effluent dilution, fresh water is used. The characteristics of the water generated after bottle washing are comparable to fresh water (Table 7) since the bottles, which are pre-washed, are simply rinsed without using any detergent. Thus, this wash water can replace the freshwater used for effluent dilution thereby saving about another 3% of total water input to the plant. Simultaneously, water requirement for gardening can be reduced by choosing appropriate plant species such as Bryophyllum, Agave, Casuarina equisetifolia, Aloe vera etc. that require less water for their growth.
Appropriate wastewater streams can be partially substituted for fresh water in fermenter washing. For instance, this distillery unit has successfully attempted partial reuse of spent lees for fermenter washing. This is in spite of the fact that the spent lees is typically at 80-85 • C and has a pH and COD significantly different from that of fresh water. This intervention contributes to a 2.7% saving in overall freshwater requirement.
Modifying the fermentation process can result in the control of both water consumption and effluent generation. In Malaysia 40% reduction in freshwater consumption has been achieved by reusing the spentwash in molasses dilution and fermentation steps (Yeoh et al., 2001) . In another study, M/s S S K Distillery, Akluj, Maharashtra, India reported recycling 25% of the spentwash from the distillation column directly to the fermenter to reduce water utilization (Waste Minimization Circle). 2 The same unit also employed a modified fermentation process ("dual biofermcen process") resulting in a 40% reduction in spent wash generation (Waste Minimization Circle). In another study, CSR's Sarina distillery in Queensland, Australia tested a semi-continuous fermentation process (Biostil) that reportedly cut down water consumption by 70% (EnviroNet Australia). 3 Though continuous fermentation has been successfully employed in Indian distilleries in the southern state of Maharashtra, extreme variations in the ambient temperature in the state of Uttar Pradesh may limit its efficiency.
Conclusion
There is significant scope to improve water utilization in Indian distilleries through conservation and reuse. Though good housekeeping measures such as proper metering of water flow in individual units and maintenance of piping contribute to water savings, specific interventions should also be targeted. Our study identified optimization of cooling tower operation, innovative ways to reuse segregated wastewater streams and replacing batch with semi-continuous/continuous fermentation to be appropriate interventions to reduce water use in distilleries.
